Abstract. Much progress has recently been made in assisting a user in the search process, be it Web search where the big search engines have now all incorporated more interactive features or be it online shopping where customers are commonly recommended items that appear to match the customer's interest. While assisted Web search relies very much on implicit information such as the users' search behaviour, recommender systems typically rely on explicit information, expressed for example by a customer purchasing an item. Surprisingly little progress has however been made in making navigation of a Web site more adaptive. Web sites can be difficult to navigate as they tend to be rather static and a new user has no idea what documents are most relevant to his or her need. We try to assist a new user by exploiting the navigation behaviour of previous users. On a university Web site for example, the target users change constantly. In a company the change might not be that dramatic, nevertheless new employees join the company and others retire. What we propose is to make the Web site more adaptive by introducing links and suggestions to commonly visited pages without changing the actual Web site. We simply add a layer on top of the existing site that makes recommendations regarding links found on the page or pages that are further away but have been typical landing pages whenever a user visited the current Web page. This paper reports on a task-based evaluation that demonstrates that the idea is very effective. Introducing suggestions as outlined above was found to be not just preferred by the users of our study but allowed them also to get to the results more quickly.
Motivation
The explosive growth of the Web has contributed to an increasing demand for Web personalization systems. Personalized information technology services have become more and more popular, taking advantage of the knowledge acquired from the analysis of the users' navigational behaviour or usage data. Web usage mining (WUM) aims at discovering interesting patterns of use by analyzing Web usage data. We can explore search patterns with implicit features that exist in the logs of information retrieval and filtering applications [5] . These implicit features can be automatically incorporated into personalization components, without the intervention of any human expert [9] .
Unlike personalized search systems, our research aims to work on usage mining techniques to provide a user with customized recommendations, by customizing the contents of a Web site with respect to the needs of a group of users rather than individual users. Let us use a university Web site as an example. Every user of that Web site (be it a student, a member of staff or an external visitor) will have different interests. For the sake of simplicity let us assume that we treat all users of that Web site as part of a single group. While each user has individual interests, we can expect a lot of overlap. A newly registered student who is searching for the teaching timetable is not alone. A lot of other students share this information need and will have searched (and hopefully located) the appropriate documents on the Web site. Hence, a Web site presented according to the entire user community's information access activities is likely to make it easier for new users to find relevant documents quickly. Note, that there is no need to enforce such customization, this can easily be switched off and the Web site appears as normal. The point of the above example is that we are hoping to capture both user and community navigation trails to make the entire Web site adaptive and customize it according to the profile which captures the community or group activities. This allows us for example to exploit a lot of the implicit feedback that those students who leave the institution have left over a number of years which normally remains unused and is lost.
Originally, the aim of Web usage mining has been to support the human decision making process. Using WUM techniques, it is possible to model user behaviour, and therefore, to forecast their future movements [1] . The information mined can subsequently be used in order to personalize the contents of Web pages. Using WUM for personalization has brought promising results, the knowledge discovered through the usage mining process serves as operational knowledge to personalization systems [9] . Realizing the potential of WUM techniques to construct this knowledge, our research aims to provide customized recommendations to the users, as an output from analyzing the users' navigational behaviour or usage data. In our case we are not so much interested in recommendations tailored to individual users but to groups of users.
In order to capture feedback from real users of the adaptive Web sites, we conducted an evaluation to explore the potential of an adaptive Web site. We used an existing university Web site as the baseline system. We then constructed search tasks. Our aim was to be as realistic as possible so we constructed these tasks based on frequently submitted queries recorded on that Web site.
The research questions we tried to answer are as follows:
-Do users find an adaptive Web site useful? -Do users get to the results quicker using the adaptive Web site? -Do users find an adaptive Web site easy to use? -Does the comparison of the two approaches (adaptive versus baseline) show any differences in user satisfaction?
Obviously, the term adaptive can be interpreted in many different ways. In the context of this paper we use it to describe the sort of system motivated above, namely a Web site that incorporates recommendations which have been derived from past users' navigation trails.
We will first discuss related work (Section 2) followed by a brief research outline (Section 3). We will then describe the experimental setup (Section 4) followed by a discussion of the results (Section 5). The paper will finish with conclusions and an outlook on future work in Section 6.
Related Work
The idea of adaptive Web sites is to automatically improve their organization and presentation by learning from user access patterns [25] . To the best of our knowledge there has been very little progress recently in making Web sites truly adaptive by simply adding links and suggestions to an existing (static) Web site. A lot of work has been reported on mining the users' clickthrough patterns and understanding query intent to improve search result sets, e.g. [13, 2] . However, this is mostly seen in a search context and of not much assistance to a user who accesses and navigates a Web site. Adaptive Web sites can make popular pages more accessible, highlight interesting links, connect related pages, and cluster similar documents together. Perkowitz and Etzioni discuss possible approaches to this task and how to evaluate the community's progress. The focus is either on customization: modifying Web pages/site's presentation in real time to suit the needs of individual users; or optimization: altering the site itself to make navigation easier for all. One user's customization does not apply to other users; there is no sharing or aggregation of information across multiple users, and transformation has the potential to overcome both limitations [27] . Apart from that, index page synthesis is a step towards the long-term goal of change in view: adaptive sites that automatically suggest reorganizations of their contents based on visitor access patterns [26] .
We focus on customization: to modify a Web site's presentation to suit the needs of individual or (in our case) groups of users. Compared to related work, the main difference is to adapt its content and presentation based on the group profile for local Web site or intranet access. Apart from that, the system will not be relying on explicit user feedback or working with any webmaster intervention.
Web mining has been proposed as a unifying research area for all methods that apply data mining to Web data [20] . Web mining is traditionally classified into three main categories: Web content mining, Web usage mining, and Web structure mining. Web usage mining aims at discovering interesting patterns of use by analyzing Web usage data [9] . That is the area our research falls into.
Usage patterns extracted from Web data have been applied to a wide range of applications [31] . Different modes of usage or mass user profiles can be discovered using Web usage mining techniques that can automatically extract frequent access patterns from the history of previous user clickstreams stored in Web log files [24] . These profiles can later be harnessed towards personalizing the Web site to the user. Apart from Web usage mining, user profiling techniques can be performed to form a complete customer profile [7] . Web usage mining has been suggested as a new generation of personalization tools, e.g. [32] , but note that our research is not going to personalize the results provided by search engines, but focuses on a customized presentation of the Web site.
Collaborative filtering (CF) is a related area, it describes the process of filtering or evaluating items through the opinions of other people [30] . Ratings in a collaborative filtering system may be gathered through explicit or implicit means, or both. Collaborative filtering enables the Web to adapt to each individual user's needs. Content-based filtering and collaborative filtering have long been viewed as complementary. Our approach relies on feedback that is entirely implicit and does not need any explicit ratings.
Research Outline
The preliminary architecture of our adaptive Web site and some relevant data structures have already been discussed in [29] . The data flow is as follows:
-A user's activity is logged based on the user's search and navigation behaviour (possibly exploiting much more than the search and navigation trails the user leaves behind, in fact it could include any activities the user is happy to share with the logging system such as reading and writing emails, reading documents on the desktop etc). -Web log analysis techniques are used to trace a user's behaviour or preferences. -Instead of identifying individual user profiles we collate all logged data to build a community profile. -The Web site is customized by identifying those links on each page present on the Web site that closely match the community profile (this matching is done here based on page visits but more sophisticated similarity metrics, e.g. text-based, can be incorporated).
Information retrieval interaction structures have been shown to be useful in exploratory search: a history of queries, documents, search terms, and other objects created or identified during a search session can be used to aid the information seeking process [10] . The data being captured can include the Web site's URL, the title of a Web page, date and time of the activities, and the machine's identification.
For the experiment described here we applied a very simple logging and adaptation process. The adaptive Web site is identical to the existing university Web site apart from suggested links that are highlighted on every page (given that log data has been collected for that page). The three most commonly visited links found on a page are highlighted (by three small stars). When a user hovers over any of the links, the system will further reveal the three most popular links that can be found on the target page. Figure 1 presents an example, three links are highlighted and further suggestions being made for the link summer schools.
Fig. 1. University home page with embedded recommendations
We bootstrapped the logging tool by recruiting five users (involving postgraduate students and staff) who were willing to perform the same eight tasks as we used in the experiment. These users used the existing Web site to perform the tasks. All their interaction with the existing Web site was logged automatically by the system. These users were not asked to fill in the questionnaires, nor were these users involved in the actual experiments.
Experimental Setup
We conducted a task-based evaluation using the Web site of the University of Essex. We used a within-subjects experimental design and in total, 16 subjects participated. Each user had to conduct 8 search tasks and used 2 systems, one being the adaptive Web site, the other one a baseline system. Before starting the experiment, subjects were given a 15 minute introduction to the system. The two systems can be characterised as follows:
-System A is a copy of the existing university Web site and serves as a baseline in this experiment as it is the system that most users will use when trying to locate information on the university Web site. -System B is the adaptive system that adds a layer of commonly followed links on top of System A as described above.
The experimental details for our evaluation such as subjects and tasks is based on commonly used standards in task-based evaluations, e.g. [4, 11, 35, 36, 21] . The protocol of the experiments and the time given for each search task are also based on the standard protocol and method suggested by previous interactive search experiments, e.g. [6, 28, 38, 17, 19, 11, 16, 21, 37] . Further explanation on questionnaires is discussed later on.
Tasks
We constructed a number of tasks to be performed by the users. The tasks were constructed to reflect realistic user needs and were therefore based on some of the most frequently submitted queries derived from the existing intranet query logs [3] . These are the type of tasks we try to target with the adaptive Web site as described in this paper. To avoid potential learning effects and task bias we allocated tasks using a Latin square matrix as explained further down. Furthermore, tasks were constructed based on the brief review guideline suggested by [23] , and using real tasks and real users suggested by [8] and [33] . Each user performed four tasks for each system, contributing eight tasks altogether. Examples of the tasks being performed are listed below (the query which the task is based on is shown in parentheses and this query was not part of the task given to the subjects):
-Task 1 (accommodation): You have just been accepted for a place at the University of Essex at the Colchester campus. Find information on the residences, accommodation information for new students, contact details and other useful information. -Task 4 (short courses): Find a document that tells you what short courses the University of Essex offers in Business and Management Training. -Task 7 (summer school): Locate a page with useful information about summer school programs and conferences to be held at the University of Essex, and the conference facilities provided by the university.
Users were allocated a maximum of 5 minutes for each task. They were asked to use the system presented to them, either the adaptive Web site or the baseline; to find an answer to the task set. Users were not restricted in any way as to how to use the Web site. They were allowed to either navigate or use the site search engine or a combination of both.
Data Capture
We used questionnaires and system logging in this experiment. Following TREC Interactive Track guidelines and related work described earlier we used four different questionnaires. The entry questionnaire collected demographic and Internet usage information. A second questionnaire was filled in after every single task a user had conducted to assess the user's perspective of the systems and the tasks. After conducting all tasks on one system a third questionnaire was used to capture the user's perceptions for each of the systems. Finally, after completing all tasks an exit questionnaire was used focusing on a comparison between the two systems.
We logged all user interaction with the systems which included information such as the task time, the title and the links of Web pages visited. Through a detailed analysis of these logs, a comparison of the search behaviour using the adaptive Web site on the one hand and the baseline on the other hand could be carried out.
Questionnaires
A within-subjects laboratory experiment was conducted to compare the systems. This study was conducted in an office in a one-on-one setting. System and task orders were rotated and counterbalanced. Subjects were asked to complete the entry questionnaire. This was followed by a demonstration of the first system. Subjects then used this system to complete four search tasks. After each task, subjects completed the post-search questionnaire. After completing the four tasks, subjects completed the post-system questionnaire. Subjects were then given a demonstration of the second system and asked to complete four more search tasks. After each task, subjects completed the post-search questionnaire. After completing the last four tasks, subjects completed the post-system questionnaire for the second system followed by the exit questionnaire. Each individual experiment lasted approximately 1 hour.
All the questionnaires were constructed based on the TREC-9 Interactive Track guidelines.
1 The set of questions for usability; post-search and post-system, and exit questionnaires were modified based on the measures being used by [38, 21, 34, 11] . This was done in order to map the questions with the intranet tasks and search needs. The entry questionnaire was based on the TREC-9 Interactive Searching Study and the experiment done by [38] .
The assignment of subjects to tasks was based on the searcher-by-question Latin square matrix displayed in Table 1 . This table contains the mapping of tasks to searchers as proposed in [12] .
Results and Analysis

Subjects
In order to get a good selection of different types of users and to avoid any bias in the selection process we advertised the experiment on campus and selected the first 16 people who replied. Out of the 16 participants 7 were male and 9 female. Their ages ranged overall from 16 to 35 (56.3 percent belongs to 16-25 years, and 43.8 percent belongs to 26-35 years group of age). We had a variety of backgrounds, which included 15 students from different departments and disciplines (including English Language and Literature, Applied Linguistics, All subjects declared that they use the Internet on a regular basis. The average time subjects have been doing online searching is 8.4 years (13 of them between 6 to 15 years). When asked for their searching behaviour, 12 (or 75%) of the participants selected daily.
Some other interesting statistics are summarized in Table 2 (based on a 5-point Likert scale, where 1 means "none" and 5 means "a great deal"). Note that our users (who we would consider typical target users of the system) tend to have a lot of experience in using Web search systems (mean: 4.44) but little experience with using commercial search engines (mean: 1.94). Table 3 gives a picture of the average completion time broken down for each task. We decided to measure the time between presenting the search task to the users and the submission of the result. Overall, the average time spent on a search task on System A was 3.66 minutes, on System B 2.94 minutes, with statistical difference (p <0.05). This shows that users managed to conduct the search quicker using System B. Further detailed evaluation results are discussed in the following sections.
Average Completion Time
Post-search Questionnaire
After finishing each search task a post-search questionnaire had to be filled in. The questions for both systems were the following (using a 5-point Likert scale, where 1 means "not at all" and 5 means "extremely"):
-"Are you familiar with the search topic?" -"Was it easy to get started on this search?" -"Was it easy to do the search on this topic?" -"Are you satisfied with your search results?" -"Did you have enough time?" -"Did your previous knowledge help you with your search?" -"Have you learned anything new about the topic?" Table 4 . Post-search questionnaire (user satisfaction for each task) Table 4 gives a breakdown of the results for the question "Are you satisfied with your search results?" Overall users were more satisfied with the results returned by System B than with System A (with statistical significance, p <0.05, for tasks 1, 2, 3, 4 and 8).
We had given subjects only 5 minutes to conduct one task and wanted to see if the time allocated was sufficient. Table 6 . Post-search questions (by task) "Did you have enough time?" Overall users indicated that they had enough time when using System B as well as System A.
In Table 6 , we give a task-by-task breakdown of some of the properties. Here we do not distinguish between the two systems, because we want to get a picture of what the users' perceptions were about the difficulty of the tasks in general. Note that there seems to be no obvious correlation between familiarity with a topic and the difficulty of a task. For example, task 4 is the one users were least familiar with, but they judged 4.06 and 4.25 for easiness (to get started with and do the search, respectively), which are higher than some other tasks with much more familiarity.
Post-system Questionnaire
After performing four search tasks on one system a post-system questionnaire had to be filled in. Here we only present the statistics for the multiple choice questions. Later we will discuss any additional comments made by the subjects in more detail. Table 7 gives a breakdown of the results. Two statistically significant results were found; one is users found System B easier to learn to use than System A (p <0.0005), and the other is users found System B more useful in helping them accomplish their search tasks than System A (p <= 0.0005). These are important results since we consider the baseline system (System A), i.e. the university Web site, to be very simple and easy to learn to use, since it has been commonly used by all of the participants.
The perhaps most interesting finding is users found System B to be more useful in helping them to accomplish the search tasks. This is the main aim of providing an adaptive Web site to the university intranet users.
Exit Questionnaire
In the exit questionnaire users were asked to answer the question "Which of the two systems did you like the best overall?". Users strongly prefered System B.
Question
System A System B How easy was it to learn to use this information system? 3.75 4.38 How easy was it to use this information system? 4.06 4.31 How well did you understand how to use 3.88 3.94 the information system? How useful was the information system in helping 3.81 4.38 you accomplish your search tasks? Table 7 . Post-system questionnaire 12 users prefered System B, 3 prefered System A and 1 found no difference. A large majority of users judged that System B was more helpful in completing tasks than System A, only 2 out of 16 users found System A to be more helpful, and 1 user found no difference. Furthermore, the majority of users also judged that System B was easier to use than the baseline system (10 users found System B easier, 4 users found System A easier and 2 users found no difference). When looking at the question of which system was easier to learn to use, it is interesting that 8 users found System B easier to learn to use, 6 users found system A easier, and 2 users found no difference in learning to use. Table 8 . Exit questionnaire (system preference)
Mean How different did you find the systems from one another? 3.5 Table 9 . Exit questionnaire (search experience) Table 8 summarizes these results. Displayed are the numbers of users who selected each of the choices. The figures in this table confirm the results of the post-system questionnaires in that users found System B much easier to use, and also System B was easier to learn to use, although the first question in the postsystem questionnaire (Table 7) would suggest a bigger preference for System B than what users actually expressed in the exit questionnaire. In any case, the fact that users found the adaptive system easier to learn to use is interesting but perhaps not intuitive as it involves additional features that do not necessarily make learning to use the system easier. Table 9 summarizes the answers users gave in the exit questionnaire concerning the search experience they had in the experiment (where 1 means "not at all" and 5 means "completely").
The main conclusion that we derive from the statistical evidence is that in the given context of intranet search and navigation, users strongly prefer a Web site that offers recommendations as to what pages have been looked at by other users. Our users also managed to conduct the search tasks in less time when being given such recommendations. We can further conclude that users consider such a system to be significantly more useful and easier to use. We can also conclude that the presented adaptive Web site based on a (deliberately simple) "community profile" was generally considered sensible by the Web site users. This offers huge potential in applying a more sophisticated approach that does not just look at frequently visited pages and which builds different adaptive sites based on different user groups (e.g. internal users versus external visitors).
Further experiments need to be conducted though to validate the findings and conclusions because the setup for this initial evaluation involved a relatively small logging history and we tried to answer whether users who conducted a restricted set of specific tasks could be assisted by knowledge acquired from the search history of users who were trying to conduct exactly those tasks.
User Feedback
Users were encouraged to leave feedback in addition to answering specific questions. Most users provided comments that would be beneficial for future work. Out of 16 users, 8 users provided comments addressing their perceptions and suggestions on how to improve System B. All 8 preferred System B over System A. One of the comments is "to keep the suggestions on System B, but they may not pop up unless the user wants them to show". One of the users wrote "I hope that the whole university could change to system B, as it provides the reader with a great deal of help". Another user commented "I like system B more, it is somehow helpful because of the notice using the cursor before you are directed to the right pages". One user also mentioned "The links which appear in system B are very effective, but they should be better organised".
Other comments include "perhaps if the suggested drop down menu would only show if you right clicked or something along that line. This way people can choose to use it or not without being distracted", and "System B makes it easier to browse the university Web site for beginners". Apart from that, two other users suggested to improve the search bar and to keep the pages up to date, issues that are more related to the actual Web site.
The user feedback suggests that the simplicity of incorporating suggestions appears to work but that it might also distract people if hovering over a link reveals further suggestions. We have clearly seen the potential of simply exploiting the logged navigation data to improve a Web site. How exactly this is best incorporated needs to be explored in further experiments.
Conclusions and Future Work
Our research has addressed the question of whether a Web site can be made more adaptive and easier to navigate by incorporating users' navigation trails without changing the actual Web site. We were looking at a site where each page was simply augmented by recommended links.
To do this we looked at a specific university Web site and evaluated the proposed techniques in a task-based evaluation that was set up to make the evaluation as realistic as possible. We compared the existing Web site against an adaptive site. The results of the evaluation demonstrated that even for the relatively simple approach of just highlighting frequently visted Web pages we can see a clear preference of the adaptive system over the unaltered Web site. The evaluation results are further supported by the fact that it took less time to conduct the tasks when being able to follow recommended links. This is a very strong indication that the outlined idea can be applied successfully on local Web sites such as university sites. However, we would argue that company intranets offer the same potential.
Obviously, despite following all the common evaluation procedures a taskbased evaluation as conducted here suffers from a number of shortcomings including the small number of subjects and the fact that a task-based evaluation can only approximate real user experience. A more realistic evaluation will involve setting up an actually adaptive Web site without asking users to conduct manually crafted tasks. This is part of our future work.
There is room for a lot of future research. In the experiment we simply exploited knowledge about visited pages. However, it is easily possible to enrich this log data by logging much more.
2 This is similar to what [15] propose, who suggest that in addition to traditional loggers, data-collection instruments are needed that enrich log data; as such data could normally provide more informationseeking context. Previous evaluation done by [14] used a logging software in order to capture subjects' interaction with all applications including the operating system, Web browsers, and word processors; which were recorded and stored in a protected data file located on the laptop. A user-centered evaluation done by [18] also used a logging software to capture analysts' interactions with systems throughout much of the evaluation.
Another strand of future work is the idea of having different community profiles for different types of users. We used a university Web site as an example where we can distinguish, for example, user communities/groups such as students, staff, external visitors, etc. Having different suggestions for members of individual user groups seems to be a sensible thing. The difficulty will be to allocate users to groups automatically (unless they are signed in). In a company intranet this will be much easier as users are usually grouped into an organisational structure and building different profiles for different groups of users will be more straightforward.
The starting point for this research was the idea that we can add an additional layer on top of an existing Web site. It is of course perfectly reasonable to extend this and insert links that might not originally have been there or to combine this work with alternative ideas of adaptation such as adaptive search, e.g. [22, 3] .
There are a number of further issues that need to be investigated including the risk that the system might become a self-fulfilling prophecy and the fact that an adaptive system as outlined here might make it harder to reach pages which are less commonly accessed. Furthermore, there will always be a delay in adjusting to small or even significant changes to the Web site.
One major issue not discussed in this paper is the issue of privacy which is paramount when logging personal interaction. Any of the techniques we proposed here allow an easy opt-out for the user but it is an area that needs careful consideration.
In summary, what we presented in this paper addresses issues that come from a variety of research communities including information retrieval, user modelling as well as natural language processing for IR (though this has not been exploited in the experiment presented here). It also offers opportunities for automatically acquiring knowledge which could benefit Semantic Web technologies.
